















































DATA ANALYSIS

Bearings of 164 linear features were measured from nine stations on the
photogeologic map; 444 fracture-trace bearings were measured at field
stations. Orientations, numbers of fractures, and trace lengths from both
data sets were analyzed to determine whether the actual fracture pattern can
be characterized from the photogeologic map. Trace length and abundance data,
obtained from cleared pavements in the upper lithophysal unit of the Tiva
Canyon Member (Barton and Larsen, 1985; Christopher C. Barton and others,
USGS, written commun., 1985) were used to help evaluate data collected in this
study. Data from each unit were treated separately to show the influence of
lithology on the fracture patterns. Data collected in the field are hereafter
referred to as field data; data obtained from the aerial photos are hereafter
referred to as photo data.

Bearings of fracture traces measured at field stations were evaluated
with bearings measured from photogeologic traces by means of bearing-
distribution histograms. Field and aerial-photo trace-distribution histograms
from station 52, located in the caprock unit on Yucca Crest could not be
compared because no fractures were observed in the field at this station.
Field and photo data from station 24, in the same unit, were also not analyzed
due to the low numbers of fractures (five) observed at this field station.

At stations 42, 45 and 47, all located within the upper lithophysal unit,
cooling joints were identified in the field based on the presence of tubular
structures on joint surfaces. Separate histograms were constructed for these
joints (a subset of total fractures measured at each field station), to allow
a comparison of joint-trace bearing distributions with joint-strike
distributions recorded from pavements by Christopher C. Barton and others
(USGS, written commun., 1985).

Trace Orientations

With one exception (station 46), distributions of trace bearings from
field plots and photo plots of total traces exhibit no well-defined groups
(Appendix III). Field station plot for station 46, located within the caprock
unit, shows a group ranging from 325° to 359° that is not apparent in the
corresponding aerial-photo plot. Field plots for stations 42, 45, 50, 43, and
46, show some preferred orientation, but bearing distributions are
characterized only by broadly clustered groups, and again these distributions
do not agree with those plotted from the aerial-photo data. For each statinn,
trace orientations from the two data sets do not agree.

The cooling joint bearings measured in the field appear to form two
groups. A northwest-trending group and a northeast-trending group are
distinguishahble at stations 42, 45, and 47, all located within the upper
lithophysal unit. At field station 42, one group of 13 joints ranges from 20°
to 40° and the other group (only 2 joints) from 300° to 304°. Joint groups at
field station 45 range from 18° to 45° (14 joints) and 310° to 350° (11
joints). Field station 47 exhibits joint groups ranging from 15° to 47° (3
joints) and 331° to 348° (6 joints). It should be noted, however, that the
groups are based on very low numbers of cooling joints identified at each
field station, and are probably too low to confirm the groups at each
locality.
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Appendix III shows the combined orientation data from cooling joints
identified from field stations in this study and from the cleared pavements.
Orientations of joint groups identified in this study are similar to those of
cooling-joint sets identified from pavements 100, 200, and 300 of Christopher
C. Barton and others (USGS, written commun., 1985), where the sets (based on
128 joints) range from 21° to 60° and 310° to 359°, One cooling-joint set
identified from pavement 600 falls within the 21°-60° range (based on 6
joints), except for three joints which fall outside of the range.
Identification of joint groups at field stations in this study which are
similar to joint sets found on the pavements, suggests that joint sets may be
characterized from incompletely exposed outcrops, even when low numbers of
joints are present,

Joint sets identified from the pavements are based on a total of 137
joint orientations, combined from all four pavements, while joint groups in
this study are based on a total of 50 joint orientations. The northeast-
trending joint group identified at field stations has a narrower range in
azimuth than the northeast-trending set identified from the pavements,
possibly due to the lower sample size obtained in this study. Although the
total number of cooling joints identified in this study is low, a bimodal
distribution is apparent.

Trace Lengths

Fracture trace abundance (the number of fracture traces per unit area)
and fracture-trace length data collected from cleared pavements in the upper
Tithophysal unit (Barton and Larsen, 1985; Christopher C. Barton and others,
USGS, written commun., 1985) were used to evaluate trace abundance (the number
of traces per unit area) from aerial-photo data in this unit. Similar data
collected for this study at field stations (uncleared outcrops) were used to
evaluate photo data from stations in the undifferentiated lower 1lithophysal
and hackly and caprock units. For reasons discussed in a previous section,
the photogeologic study eliminates traces having actual lengths less than
3.2 m. The pavement studies show that 66-87 percent of the fracture traces
exposed on the four pavements are 3.2 m or less in length. If this is true
generally, a maximum of about 34 percent of all fracture traces that exist
would be recorded on the photogeologic map even under optimum circumstances of
100 percent exposure. The remainder of the fracture traces would not be
detectable or measurable on the aerial photographs. Because rock exposure is
not complete, only a small percentage of the actual fracture population is
detectable on the aerial photographs. These two factors eliminate more than
66-87 percent of the fracture population.

Table 1 1lists, for each station, both the number of field-measured
fractures that have traces longer than 3 m and the total number of
photogeologic traces (each of which, as discussed previously, is greater than
3.2 m in length). Using trace-length data, the number of photogeologic traces
mapped is greater than the number of field-observed fractures at all stations,
suggesting that many of the photogeologic traces are erroneous. Two possible
explanations for this discrepancy are offered. (1) While two or more short,
similarly striking fractures, positioned nearly end to end, were
distinquishable in the field, they may have appeared as one linear feature
(greater than 3.2 m long) on the aerial photos. Similarly, two crossing
fractures with different strikes or two fractures in which one fracture abuts
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Table 1.--Trace-length distributions at photo stations and field stations

Station Aerial photo stations Field stations
number (No. of traces (No, of fracture
>3.2 m long) traces >3 m long)

Undifferentiated Tower lithophysal and hackly unit

50 11 6

Upper lithophysal unit

42 13 2
45 14 2
47 16 0
Caprock unit
24 36 5
43 13 12
44 11 6
46 15 6
52 35 0
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the other fracture may have appeared as a single curved feature on the aerial
photos. (2) Some of the linear features plotted on the photogeologic map were
determined in the field to be fractures caused by surficial weathering and
were not recorded. Field observation confirms that fractured edges of
displaced blocks of bedrock were plotted from the aerial photographs on Yucca
Crest. Ledges, created by exfoliation jointing and eliminated in the field
may have been visible as linear features on the aerial photographs. By both
these means, fractures that were either eliminated, or observed as less than

3 m long in the field, may have been recorded on the photogeologic map.

Trace Abundances

Table 2 Tlists for each station, the number of fracture traces recorded in
the field and the number of photogeologic traces mapped from the aerial
photographs. Table 2 also lists the number of fracture traces mapped from
cleared pavements (Christopher C. Barton and others, USGS, written commun.,
1985). Numbers of fracture traces measured at each_field station range from 0
to 100, in areas ranging in size from 153 to 1244 m?. In the upper
Tithophysal unit, data from pavement studies (Barton and Larsen, 1985;
Christopher C. Barton and others, USGS, written commun., 1985) and field data
collected in this study can be used to evaluate photogeologic trace
abundances. Fracture-trace abundances from pavements 100, 200, 300, and 600,
are 1,03, 0.39, 1.12, and 1.28 fractures per square meter, or an average of
0.94 fractures per square meter. Because Barton and Larsen (1985) have shown
that fracture abundance changes laterally within this unit, the average
fracture abundance is used only as a general gquide for evaluating fracture
abundances in the upper lithophysal unit, rather than as a precise standard or
a reliable predictor.

Fracture-trace abundances at field stations in the upper lithophysal unit
range from 0.10 to 0.17 fractures per square meter (table 2). Compared to the
average fracture abundance of 0.94 fractures per square meter documented from
the pavements, only about 11-18 percent of the total fractures are observed at
field stations. Trace abundances from corresponding aerial-photo stations
range from 0.02 to 0.03 fractures per square meter, or only about 2 to 3
percent of the average pavement fracture abundance. These numbers are
probably too low to characterize the fracture patterns.

Because no pavements have been mapped in the undifferentiated lower
1ithophysal and hackly and caprock units, actual fracture abundances for these
units are not known. Field data collected during this study from these two
units provide the only means of comparing trace abundances at the aerial-photo
stations. Field station 50, located within the undifferentiated lower
lithophysal unit, has a fracture-trace abundance of 0.65 fractures per square
meter (based on 100 fractures measured), the highest fracture frequency found
at any field station. At the same station, only 0.07 traces per square meter
were recorded from aerial photographs, corresponding to about 11 percent of
the fracture traces recorded at field station 50. Furthermore, only 6 of 100
fracture traces measured at field station 50 were longer than 3 m while all 11
traces recorded on the aerial photographs at station 50 were longer than
3.2 m. Therefore, at lTeast some of the photogeologic traces mapped at station
50 are erroneous.
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Table 2.--Trace abundances from stations in this study and from pavement

studies
[Leaders, --, indicate not determined]
Station Arsa Number of traces1 Total traces!
Number  (m%) Total Cooling Unspecified per square meter
Undifferentiated lower 1ithophysal and hackly unit
50 153 11 (100) --(--) 11 (100) 0.07 (0.65)
Upper lithophysal unit
42 697 13 ( 73) --(15) 13 ( 58) 0.02 (0.10)
45 576 14 (100) --(25) 14 ( 75) n.02 (0.17)
47 465 16 ( 80) --(10) 16 ( 70) 0.03 (0,17)
Pavements2
100 214 (221) (70) (151) (1.03)
200 260 (102) ( 9) ( 93) (0.39)
300 221 (248) (49) (199) (1.12)
600 250 (321) (9) (312) (1.28)
Caprock unit
24 840 36 (05) --(--) 36 ( 05) 0.04 (0,01)
43 372 13 (23) --(--) 13 ( 23) 0.03 (0.06)
44 413 11 (22) --(--) 11 ( 22) 0.03 (0.05)
46 479 15 (41) --(--) 15 ( 41) 0.03 (0.09)
52 1244 35 (1 0) --(--) 35 ( 0) 0.03 (0.00)

1Numbers not set off by parentheses refer to data from aerial photographs;
gumbers in parentheses refer to data gathered in the field.
Data from Christopher C. Barton and others (USGS, written commun., 1985).
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Fracture-trace abundances and photogeologic-trace abundances are very low
for field and photo stations located in the caprock unit. The author
considers these numbers too low to compare. Numbers of traces recorded from
photo stations 24 and 52, are 36 and 35, respectively. The stations are
located within the caprock unit on Yucca Crest. Most of the linear features
plotted from the photographs on Yucca Crest were visible as faint lines. Only
five fractures were observed at field station 24; no fractures were observed
at field station 52. Therefore, nearly all of the traces obtained from the
aerial photos at these stations are erroneous. Field observations revealed
two probable causes. (1) Bedrock at Yucca Crest is concealed by extensive
talus and a thin soil cover. Only a few isolated, displaced blocks of bedrock
were exposed. On the aerial photographs, these blocks appeared to be in
place, and their edges were seen and mapped as linear features. (2) In
addition, fractures, determined to be the result of surficial weathering and
eliminated as part of the field data, may have appeared as linear features on
the aerial photographs. The author believes that both these factors played a
role in the mapping of erroneous traces at photo stations 24 and 52,

The large number of linear features, seen as faint lines on the
photographs on Yucca Crest were not discernible in the field., It is possible
that they may represent fracture traces covered by a thin soil veneer, and
thus, were not discernible in the field. Based on field observations, the few
fracture traces visible on the photographs on Yucca Crest are fractured edges
of displaced rock, caused by surficial weathering. Because almost all of the
linear features (mostly faint lines) mapped on Yucca Crest from photographs
cannot be definitively related to fracture traces, the data from Yucca Crest
must be considered erroneous.

Summary Of Data Analysis

Cooling joint orientations identified at field stations are distinguished
by two well-defined groups ranging from 15° to 47° and 300° to 350°, but their
orientations show little resemblance to bearings of photogeologic traces
measured from the photogeologic map. Field station 46 shows a well-defined
grouping of fractures other than cooling joints, ranging from 325° to 359°,
but similar orientations from the corresponding photo station are absent. At
other field stations, fractures, other than cooling joints, cannot be
separated into well-defined groups. Because joint groups identified at field
stations are similar to joint sets identified at pavements, it may be possible
to characterize the joint population from incompletely exposed outcrops, even
when low numbers of joints are present.

Trace bearings measured from the aerial photos do not agree with
fracture-trace bearings measured in the field. Groups present in the field
are missing or are poorly represented in photo counterparts. For all
stations, the number of photogeologic traces mapped (all greater than 3.2 m
long) exceeds the number of fracture traces greater than 3 m long observed at
corresponding field stations; thus, many of the photogeologic traces are
erroneous. Because the orientations do not agree, and because trace-length
data show numerous photogeologic traces to be erroneous, the photogeologic map
includes linear features at first thought to be fracture traces, but which
cannot be related to fracture traces.
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The low numbers of Tinear features recorded on the photogeologic map
compared to those recorded at field stations confirm that the numbers of
photogeologic traces recorded are insufficient to adequately characterize the
actual fracture patterns on the ground. The extremely low ratio of traces
recorded on the photogeologic map at stations located in the upper lithophysal
unit, compared to the average fracture abundance in the pavements, emphasizes
that the photogeologic mapping eliminated far too many traces for the
photogeologic map to reliably and consistently characterize the actual
fracture pattern in this unit, This conclusion holds true for the other units
studied as well,

LIMITATIONS OF STUDY

Many of the problems encountered in this study are inherent in most
photogeologic studies of linear features. Even with good-quality photographs
and a high-precision stereoplotting instrument such as the Kern PG 2 plotter,
factors such as photographic scale, tonal contrast, film type, filter, and
resolution of the photographic details influence the interpretation of aerial
photographs. A detailed discussion of these factors is beyond the scope of
this report, and the reader is referred to Ray (1960) for additional
information.

The photogeologic map produced in this study does not reflect the actual
distribution of linear features in the units studied, because photographic
scale, photo quality and resolution, degree of exposure, and topographic
relief, in addition to the actual distribution of traces, determined what is
visible on the air photos. In this study, bedrock was concealed in many areas
by soil, talus, and vegetation, severely limiting visibility.

One factor inherent in most photogeolongic studies, and which greatly
influenced this study, is vertical exaggeration. This phenomenon so reduced
the visibility of linear features on slopes, that primarily only ridgetops
were mapped. This greatly restricted the scope of the study because only
three of seven units of the Tiva Canyon Member are exposed on the ridgetops.

A problem unique to this study was dictated by the method chosen to
verify the linear features mapped from the air photos. Areas were chosen on
the photogeologic map where linear features were abundant and located solely
within one unit. These areas are often poorly exposed in the field, and
conversely, areas of good exposure in the field often show few traces on the
photographs. This resulted in difficulty comparing photogeologic traces with
field-measured fracture traces.

It was not possible to distinguish between joints, or faults with small
displacements on the photographs. Although fractures are two-dimensional,
only one dimension is generally represented on aerial photographs; two
dimensions are seen only when a portion of the fracture face is visible.
Because the topographic surface was not generally horizontal, only the surface
expression (trace) of the linear features was seen on the air photos, not
actual strikes. In addition, because only a portion of any linear trace is
visible on the aerial photos, only minimum trace lengths were obtained.
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CONCLUSIONS

Most of the difficulties encountered in this study evolved from
limitations or problems resulting from the photographic scale coupled with
poor exposures. The 1:2400 photographic scale, although unusually large for a
study of this type, nevertheless was not adequate to discern the majority of
fracture traces exposed on the ground. In addition, soil and extensive talus
conceal bedrock and 1imit visibility. As a result, Yucca Mountain, and
particularly Yucca Crest, is poorly suited to this type of aerial photo
study. Many linear features that resemble fracture traces on the aerial
photos proved not to be fractures in the field, so that part--perhaps a
substantial part--of the photogeologic map is erroneous. Thus, the linear
features mapped from aerial photographs do not realistically characterize the
fracture networks actually present.

ACKNOWLEDGMENTS

Richard W. Spengler proposed the study. The author wishes to thank
Richard W. Spengler, Christopher C. Barton, Earl R. Verbeek, and Robert B,
Scott, all of the U.S. Geological Survey, Denver, Colorado, for their guidance
and valuable suggestions. Eric Larsen and Patrica E. Baechle of Fenix &
Scisson, Inc., Las Vegas, Nevada, assisted in field work.

REFERENCES

Barton, C.C., Howard, T.M., and Larsen, Eric, 1984, Tubular structures on the
faces of cooling joints: a new volcanic feature: Transactions of the
American Geophysical Union, EOS, v. 65, no. 45, p. 1148,

Barton, C.C., and Larsen, Eric, 1985, Fractal geometry of two-dimensional
fracture networks at Yucca Mountain, southwestern Nevada: Proceedings of
the International Symposium on Fundamentals of Rock Joints, Bjorkliden,
Lapland, Sweden, September 15-20, 1985, p. 77-84,

Barton, Nick, and Choubey, Vishnu, 1977, The shear strength of rock joints in
theory and practice: Rock Mechanics, v. 10, p. 1-54,

Beatley, J.C., 1976, Vascular plants of the Nevada Test Site and central-
southern Nevada: Ecologic and Geographic Distributions: U.S. Energy
Research and Development Administration Report TID-26881, 308 p.

Brown, D.E., Lowe, C.H., and Pase, C,P., 1979, A digitized classified system
for the biotic communities of North America, with community (series) and
association examples for the Southwest: Journal of the Arizona Academy of
Science, v. 14, supplement 1, 16 p.

Carr, W.J., 1974, Summary of tectonic and structural evidence for stress
orientation at the Nevada Test Site: !.S. Geological Survey Open-File
Report 74-176, 53 p.

Houghton, J.G., Sakamoto, C.M., and Gifford, R.N,, 1975, Nevada's weather and
climate: Nevada Bureau of Mines Special Publication 2, 78 p.

Ray, R.G., 1960, Aerial photographs in geologic interpretation and mapping:
U.S. Geological Survey Professional Paper 373, 230 p.

Scott, R.B., Bath, G.D., Flanigan, V.J., Hoover, D.B., Rosenbaum, J.G., and
Spengler, R.W., 1984, Geological and geophysical evidence of structures in
northwest-trending washes, Yucca Mountain, southern Nevada, and their
possible significance to a nuclear waste repository in the unsaturated
zone: U.S. Geological Survey Open-File Report 84-567, 23 p.

20



Scott, R.B., and Bonk, Jerry, 1984, Preliminary geologic map of Yucca
Mountain, Nye County, Nevada with geologic sections: U.S. Geological
Survey Open-File Report 84-494, scale 1:12,000.

Snyder, C.T., Hardman, George, and Zdenek, F.F., 1964, Pleistocene lakes in
the Great Basin: U.S. Geological Survey Miscellaneous Geological
Investigations Map 1-416, scale 1:100,000.

Snyder, D.B., and Carr, W.J., 1982, Preliminary results of gravity
investigations at Yucca Mountain and vicinity, southern Nye County,
Nevada: U.S. Geological Survey Open-File Report 82-701, 36 p.

Spaulding, W.G., 1985, Vegetation and climates of the last 45,000 years in the
vicinity of the Nevada Test Site, south-central Nevada: U.S. Geological
Survey Professional Paper 1329, 83p.

Stewart, J.H., and Carlson, J.E., 1978, Geologic map of Nevada: U.S.
Geological Survey, scale 1:500,000.

U.S. Geological Survey, 1984, A summary of geologic studies through January 1,
1983, of a potential high-level radioactive waste repository site at Yucca
Mountain, southern Nye County, Nevada: U.S. Geological Survey Open-File
Report 84-792, 103 p.

Wu, S.S.C., compiler, 1985, Topographic maps of Yucca Mountain area, Nye
County, Nevada: U.S. Geological Survey Open-File Report 85-620, scale
1:5000, 6 sheets.

21



APPENDICES I-III

Data in Appendices I-III are organized by the geologic units in which
they occur. Directions of photogeologic traces and field-measured fracture
traces were originally recorded in bearings and Tater converted to azimuth to
facilitate entry into a computer data base. Azimuths of linear features
measured from the photogeologic map are listed in Appendix I. Appendix II
contains fracture data obtained at field stations. The first column in
Appendix I contains the linear feature number; the second column gives the
azimuth. In Appendix II, the first column contains the fracture number.
Numbers assigned the prefix symbol "J" designate fractures identified as
cooling joints. The third column of Appendix II records dip angle and dip
quadrant; the fourth column is the length category, and the fifth column
contains supplementary field observations. The symbol c1, found in the fifth
column, designates fractures which cut Tithophysae. This observation was
recorded because cooling joints at Yucca Mountain have not been observed to
cut lithophysae. The symbol ws in the fifth column designates fractures with
weathered surfaces. Fracture traces which were observed to curve in the field
are noted in the fifth column. Appendix III contains histograms of trace
orientation data obtained in the field and from the aerial photographs. Also
included in Appendix III is a combined orientation data plot of cooling joints
identified in this study and those identified from pavements 100, 200, 300,
and 600,
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APPENDIX I

Azimuths of linear features measured from the photogeologic map
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Undifferentiated lower lithophysal and hackly unit of the Tiva Canyon Member

PHOTO STN 50

Linear Azimuth

Feature

Number
44 287
45 310
46 342
47 342
48 346
49 346
50 348
51 15
52 18
53 40
54 42
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Upper lithophysal unit of the Tiva Canyon Member

PHOTO STN 42 PHOTO STN 45 PHOTO STN 47
Linear Azimuth Linear Azimuth Linear Azimuth
Feature Feature Feature
Number Number Number

1 50 14 312 28 284
2 303 15 321 29 293
3 303 16 328 30 305
4 315 17 335 31 323
5 321 18 341 32 326
6 333 19 350 33 329
7 39 20 358 34 342
8 39 21 36 35 347
9 59 22 51 36 349

10 55 23 52 37 13

11 64 24 73 38 19

12 86 25 79 39 23

13 87 26 79 40 41

27 79 41 57
42 66
43 66
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Caprock unit of the Tiva Canyon Member

PHOTO STN 24 PHOTO STN 43 PHOTO STN 44
Linear Azimuth Linear Azimuth Linear Azimuth
Feature Feature Feature
Number Number Number

55 295 91 314 104 283
56 295 92 337 105 305
57 345 93 337 106 348
58 345 94 337 107 348
59 337 95 344 108 2
60 340 96 342 109 18
61 31 97 15 110 15
62 31 98 20 111 59
63 44 99 63 112 79
64 46 100 73 113 85
65 46 101 77 114 90
66 8 102 20

67 349 103 356

68 303

69 28

70 13

71 344

72 336

73 337

74 3

75 39

76 39

77 348

78 54

79 348

80 55

81 304

82 59

83 345

84 67

85 354

86 330

87 47

88 31

39 330

90 342
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Caprock unit of the Tiva Canyon Member

PHOTO STN 46 PHOTO STN 52
Linear Azimuth Linear Azimuth
Feature Feature
Number Number
115 89 130 40
116 289 131 39
117 298 132 316
118 309 133 36
119 317 134 1
120 317 135 39
121 340 136 39
122 46 137 340
123 46 138 25
124 289 139 25
125 289 140 41
126 333 141 358
127 322 142 358
128 326 143 349
129 332 144 313
145 44
146 48
147 48
148 309
149 74
150 74
151 327
152 321
153 74
154 35
155 80
156 26
157 3
158 3
159 39
160 39
161 300
162 309
163 319
164 309



APPENDIX II

Fracture-trace orientations (azimuth and dip), length category,
and observations from data collected in the field

Symbols used in Appendix 11

J = fractures identified as cooling joints
¢l = fracture surface cuts lithophysae
ws = fracture surface is weathered

28



Undifferentiated Tower lithophysal and hackly unit of the Tiva Canyon Member

FIELD STN 50

Fracture Azimuth  Dip Length Nbservations
Number Category
254 359 84E 2 cl, ws
255 303 85E 2 cl
256 85 90 2 cl
257 336 85E 3 cl, ws
258 58 30W 2 cl
259 352 84E 2 cl
260 352 84E 2 cl, curves, abuts #259
261 351 87E 2 cl
262 347 72E 3 cl
263 357 824 3 cl, curves, abuts #265
264 356 76U 3 cl, curves
265 303 67E 3 cl, curves
266 30 84u 3 cl
267 280 79W 3 cl
268 319 75U 3 cl
269 341 89W 2 cl
270 352 82E 3 cl
271 0 73W 1 cl, curves
272 307 82W 3 cl
273 307 85W 2 cl
274 308 80W 1 cl
275 350 90 3 cl
276 75 84W 3
277 44 90 3 WS
278 324 58E 3 cl, ws
279 28 794 3 cl
280 311 88E 3 cl
281 306 85E 2 cl
282 323 75E 3
283 336 76W 3
284 39 75U 3 cl
285 331 90 3
286 284 760 2 cl
287 317 52W 2 cl, curves
288 320 90 2 cl, ws, curves
289 305 90 2 cl
290 288 864 3
291 316 76U 3
292 355 70W 3 cl, curves
293 307 740 3 cl
294 349 66W 2 cl
295 345 83W 3 cl
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FIELD STN 50--Continued

Fracture
Number

296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340

Azimuth

305
32
5
80
354
357
323
304
347
347
48
74
22
26
352
324

327
324
330

54
350
353
351
346
346
343
355
295
333

32
351
300
280
315
307
340
304
346
303
298
297
343

272

Dip

82W
87E
86E
69W
63W

90
82W
790
70W
744
740
84E

g0
67w
81E
63W

82W
53W
75W
87E
740
73U
84W
70W
66W
78W
82W
84
53W

90
70W
78W
71W
75W
84W
63W
81W
65W
80W
87W
66W
82u
82W
82W
794

Length
Category

WWNFHFEFMNDEFEWNDRFRWWWN - WW

WWWN WWWWWWwNWWWWwwWwWwWwWwwWwwwwwmPpwMNnw

30

Observations

cl, curves
cl, curves
cl, curves

¢l, curves

cl, ws, curves
cl, ws
cl, ws

cl, #311, #312 are part of swarm
of at least 5

cl, see #311

cl

cl

cl

cl

cl
cl
cl
cl
cl
cl

cl

cl
abuts #330

ol

cl
cl
cl
cl
cl
cl, ws



FIELD STN 50--Continued

Fracture
Number

341
342
343
344
345
346
347

348
349
350
351
352
353

Azimuth

272
356
343
309
355
305
320

319
340
295
70
72
297

Dip

75U
80E
83W
88W
794
80W
720

744
90
90

73E
90

70MW

Length
Category

WWWwwwww

WWwWwwWwwmMmnw

31

Observations

cl, sinuous trace
cl
cl
cl

#347, #348 are part of
swarm of at least 4
cl, see #347

cl

cl

cl, curves

cl

cl



FIELD STN 42

prer lithophysal unit of the Tiva Canyon Member

Fracture
Number

OO~ P WN -

C~
-
- O

J12

—
- w

Azimuth

20
327
328
328

12
340
325
345
340
300
320

26

30
325

320
315
328

42

335
330
35
40
320

40
352
337
319

34

20
304

342
40
28
29

345

345
344
340
355

82W
77W
86W
86W
74U
88W
86W
83W
86W
82W
82W
87W

90
85E

75W
83W
82E

90
86W
80W
79W
66W
76W
69W
82W

90
78E
88W

90
74W
83W
83W
81E
84U
88W
74E
74U
720
81W

84W
794
87W
80W

Length
Category

WWWWWwWwWwwWwwwwMhhWw

W N WNWRNWNWWMNWWWNIMNWWWWNWWN

— W W W

32

Observations

WS
curves

cl

cl, curves, #14, #17, #18 are part
of a swarm

cl

cl

cl, curves, see #14
cl, curves, see #14
cl

cl, ws

cl, curves

cl, curves

cl
cl
cl
cl, curves
cl, curves
cl

cl, curves
cl

cl, #39, #40, #41, are part
of swarm

cl, curves, see #39

cl, see #39

cl

cl, ws, curves



FIELD STN 42--Continued

Fracture Azimuth  Dip Length Observations
Number Category
Ja4 27 76W 2
Jas 28 824 2
J46 28 76MW 2
47 32 717E 3 cl
48 355 85W 3 cl
49 320 85W 2 cl
50 335 780 1 cl
51 338 744 3 cl, curves
52 323 84E 3 cl
53 294 34w 3 cl
54 4 86W 3 cl, curves
55 355 80w 3 ¢l, sinuous trace
56 300 88W 3 cl
57 292 90 3 cl
58 355 85W 3 cl
59 325 73W 3 cl
60 40 82W 3 cl
61 322 84W 3 cl
62 35 86E 3 cl
63 337 62W 3 cl
64 326 80W 3 cl, #64, #65 are part of swarm
of 6 or more
65 325 72U 3 cl, see #64
66 320 90 3 cl
67 320 72E 3 cl
68 18 84E 3 cl
69 325 79W 2 cl
70 312 83W 2 cl, curves
J71 28 76W 3
72 275 83W 3 cl, curves
73 75 89W 3 cl
FIELD STN 45
Fracture Azimuth  Dip Length Observations
or Joint Category
Number
J74 350 83E 2
75 75 80E 3
76 55 90 3
77 330 67W 3
78 340 724 3
79 335 65W 3
J80 310 89V 3
81 349 720 2
82 59 90 3
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FIELD STN 45--Continued

Fracture
Number

J83
84
Jgb
J86
87
J8s8
J89
90
91
92
Jg3
Jo4
95
Jo6
97
98
Ja9
100
J101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
J118
119
120
121
122
123
124
125
126
127
128
129
130

Azimuth

346
309
40
34
320
335
319
325
332
323
45
320
9
26
0
357
315

35
350
344

83
350
22
40
350
340
300
349
90
29
03
310
323

331
331
354

340
345
345
340
280
290
335
323

Dip

82E
81W
7T
64U

90
85W
86W
54W
62W
82W
77W
83E
7IW
85W
80W
86W
77E
82E
81W
60E
744
89E
88E
82E
56W
82W
71E
53W

90
66W
63S
79U
85W
73E
83W
82E
71E
76W
73E
84E
79E

90
80E
70E
84W
57W
70E

90

Length
Category

wwwwmwwwwmmwwwwwwwwwwwwwwwwwwr—-wwwwwwmwwwwwwwwmww
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Observations

cl

curves

cl
cl

cl

curves
cl

cl

WS

cl
cl
cl
cl

cl
cl
cl, sinuous trace
cl

cl
cl
cl, sinuous trace
cl
cl
cl
cl



FIELD STN 45--Continued

Fracture
Number

131
132
133
134
135
136
137
138
139
140
141
J142
143
144
145
J146
J147
J148
J149
150
151
J152
153
J154
J155
J156
J157
158
159
160
161
162
163
164
165
166
167
J168
169
170
J171
172
173

Azimuth

290
287
340
312
336
350
343
323
345
347
348

18
337
340
336

42

20
318

25
323

47

37
348

310
343
320

36
348

347
348
331
350
348
275
338

40
325
310

42
324

Dip

83W

90
80E
65E
84E
70E
84W

90
70
724
60E
79E
75E
77U
84W
86E
89E
85W
83W
85U
620
78E

90
79E

90
74E
840
62E
85E
82U

86W
80W
76W
67W
12E
83t
87E
65E
80W

90
74W
71

Length
Category

wwwwwwwwwwwwwwwwwwwwwwwmwwr—-wwwwwwwwwwwwwwww
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Observations

cl
cl
cl, curves

cl
cl
cl
cl
cl
cl
cl

cl
cl
cl

curves

cl
cl

cl

WS
curves
WS
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
WS
cl, ws
cl
WS
cl
cl



STATION 47

Fracture
Number

J174
175
176
177

178

179
180
181
182
J183
J184
J185
186

187
188
J189
190

191
192
J193
J194
195

196
197
198
199
200
201
202
203
204
205
J206
207
208
209
210
211
212
213
214
215
216

Azimuth

334
337
340
347

4

11
11
15
351
348
337
337
2

4
346
47
12

10
10
278
334
347

356
307
339
337

10
63
12
47
15
27
335

340
351
346
338

43
350
345
330

85E
68W
86W
84E

90

81E
81E
76E
35W
82W
80E
86W

90

73
85E
70W

90

60W
58W
73W
81E
82E

86E
74U

90

90
JAL
76W
56W

90
78W
87
79E
82W
85W
76E

90
82E
81E
80W
72E
56E

90

Length
Category

wWwwN

WWhNhWWwWwMhhww w

wwrhhw

wwwww

RN WWWWWWWWWWWWNwWwwwww
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Observations

WS

cl

cl

c¢l, curves, #177-181 comprise
a swarm

c1, curves, see #178
of swarm

cl, curves, see #178
cl, curves, see #178
¢l, curves, see #178
cl

cl, #186, #187 are part of swarm
of at least 5

cl, see #186

cl

cl, curves, #190-192 are part
of swarm of at least 10

cl, curves, see #190

cl, curves, see #190

curves

cl, curves, #195, #196 are part
of swarm of at least 5
c¢l, curves, see #195
cl

cl

cl

cl

cl

cl

cl

cl

cl

cl

cl, curves
cl

curves
curves

cl

cl, curves



FIELD STN 47--Continued

Fracture Azimuth  Dip Length Observations
Number Category
217 350 85E 3 cl
218 25 82E 3
219 278 74W 3 curves
220 351 70U 3 cl
221 348 80E 3 cl, curves
222 352 85E 3
223 10 62W 3 cl
224 349 90 3 ¢l
225 15 85E 3 cl
226 15 85E 3 cl, curves
227 42 77u 3
228 344 87E 3
229 355 68W 3
230 27 65W 3 curves
J231 331 85E 2
232 8 794 3
233 288 65E 3
234 18 80E 3
235 335 81u 3
236 335 75U 3 cl
237 65 77E 3 cl
238 65 90 3 cl
239 75 90 3 cl
J240 15 57W 3
241 336 794 3 cl
242 340 67U 3 cl
243 344 74E ? cl, curves
244 322 81w 3
245 347 88E 3
246 90 84S 2 cl, curves
247 345 73E 3 cl
248 64 83E 3 cl
249 64 85E 3 cl
250 346 76t 3
251 346 86E 3
252 336 83E 3 cl, curves
253 358 76E 3 cl, curves
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Caprock unit of the Tiva Canyon Member

FIELD STN 24

Fracture Azimuth  Dip Length Observations
Number Category

440 54 66W 2 WS

441 332 90 3 WS, curves

442 334 90 3 WS, curves

443 330 67E 3 WS

444 352 73E 3 WS

FIELD STN 43

Fracture Azimuth  Dip Length Observations
Number Category
354 338 81E 1 cl, ws
355 355 85W 1 WS, curves
356 322 88W 1 WS, cCurves
357 316 82t 1 WS
358 15 85E 2 WS
359 15 80E 3 WS
360 346 90 3 WS
361 350 82E 3
362 90 72N 1 WS
363 65 77 1 WS
364 345 83k 1 WS
365 54 82U 2 WS
366 40 79W 2 WS, curves
367 18 74E 1 WS
368 330 85W 2 WS
369 335 76E 1 WS, curves
370 338 74E 1 WS
371 349 90 1 WS
372 65 83E 1 WS
373 345 75E 3 WS
374 338 83E 3 WS, curves
375 337 70E 3 WS
376 335 83W 3 WS
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FIELD STN 44

Fracture
Number

377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398

FIELD STN 46

Azimuth

62
300
325
316
316

27
359
301
349

85

55
340

14

10
345

3

48
344

18

2
8
10

Fracture
Number

399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

Azimuth

347
349
340
335
339
345

55
335
355
344
335
335
345
338
340
337
338
325

72U
82E
75U
88E
84E
87W
64E
78E
32E
770
76M
76W
74E

90
73E
89E

90
76W
48E

90
82E
86E

85E
79E
76W
78W
85W
83W
85W
74E
84W
68W
72U
71W
70E
65W
88E
79W
70E
74E

Length
Category

FWWMNIMNINI N WWEFERNWWRFE WNDRNPNDDN -

Length
Category

N WNH P WNMNDNWWWMN NN N N W
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Observations

WS

WS, Sinuous trace
WS

WS, curves
WS, curves
WS

WS

WS

WS

WS

WS, curves
WS

wSs

WS

WS

WS

cl, ws

WS

WS

WS

WS

WS, curves

Observations

cl, ws

cl, ws, curves
cl, ws, curves
cl, ws, curves
cl, ws, curves
cl, ws, curves
ws, sinuous trace
WS

cl, ws

cl, ws

cl, ws

cl, ws

cl, ws

cl, ws, curves
cl, ws, curves
cl, ws, curves

cl, curves



FIELD STN 46--Continued

Fracture
Number

417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439

FIELD STN 52

Azimuth

333
341

15
355
352
339
350
330
280
355
352

40
320
348

40

10

70
352
356

22
325
328
292

Dip

78E
77t
7E
72U
734
712E
67E
85E
56E
90
88E
56W
90
71W
90
90
77t
68W
90
84W
90
81E
90

Length
Category

WNWWNF NN HEWWNFENDNWWWWwwWwwWwN

No fractures were observed in the field
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Observations

cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,
cl,

WS

S

WS

WS

A

WS

WS

WS

WS, curves
curves
WS

WS

WS

WS, curves
WS

WS

WS

WS

WS

WS

WS

WS

WS



APPENDIX ITII

Histograms of trace orientation data
obtained in the field and from aerial photographs
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FREQUENCY

FREQUENCY

Azimuth Frequency Distribution
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FREQUENCY

FREQUENCY

Azimuth Frequency Distribution
Air—photo station 42
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FREQUENCY

Azimuth Frequency Distribution
Field station 42 —Cooling Joints
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FREQUENCY

FREQUENCY

Combined Azimuth Frequency Distribution
Cooling Joints— Field Stations 42,45,47
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FREQUENCY

FREQUENCY

Azimuth Frequency Distribution
Air—photo station 45
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FREQUENCY

Azimuth Frequency Distribution
Field station 45—Cooling Joints
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FREQUENCY

FREQUENCY

Azimuth Frequency Distribution
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FREQUENCY

Azimuth Frequency Distribution

Field station 47 —Cooling Joints
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FREQUENCY

FREQUENCY

Azimuth Frequency Distribution
Air—photo station 24

28—
26
24—
22
20—
18—
16—
14—
12
10—
8 —
6 —
4~
2

270 290 310 330 3500 10 30 50 70
(W) (N)

TRACE BEARING [AZIMUTH)

Field station 24

90
(E)

28—
26
24—
22
20
18
16
14—
12—
10—
8 —
6_
4 -

2
'1'!||||'I|I'Hl'

270 290 310 330 3500 10 30 50 70
(w) (N)

FRACTURE —TRACE BEARING (AZIMUTH)

50

an
(E)



FREQUENCY

FREQUENCY

Azimuth Frequency Distribution
Air—photo station 43
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FREQUENCY

FREQUENCY

Azimuth Frequency Distribution
Air—photo station 44
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FREQUENCY

FREQUENCY

Azimuth Frequency Distribution
Air —photo station 46
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FREQUENCY

Azimuth Frequency Distribution
Air—photo station 52
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